The complete genomes were sequenced for ten hepatitis B virus (HBV) strains. Two of them, from Spain and Sweden, were most similar to genotype D, although encoding d specificity. Five of them were from Central America and belonged to genotype F. Two strains from Nicaragua and one from Los Angeles, USA, showed divergences of 3n1-4n1 % within the small S gene from genotype F strains and were recognized previously as a divergent clade within genotype F. The complete genomes of the two genotype D strains were found to differ from published genotype D strains by 2n8-4n6 %. Their S genes encoded Lys 122 , Thr 127 and Lys 160 , corresponding to the putative new subtype adw3 within this genotype, previously known to specify ayw2, ayw3 or, rarely, ayw4. The complete genomes of the three divergent strains diverged by 0n8-2n5 % from each other, 7n2-10n2 % from genotype F strains and 13n2-15n7 % from other HBV strains. Since pairwise comparisons of 82 complete HBV genomes of intratypic and intertypic divergences ranged from 0n1 to 7n4 % and 6n8 to 17n1 %, respectively, the three sequenced strains should represent a new HBV genotype, for which the designation H is proposed. In the polymerase region, the three strains had 16 unique conserved amino acid residues not present in genotype F strains. So far, genotype H has been encountered in Nicaragua, Mexico and California. Phylogenetic analysis of the complete genomes and subgenomes of the three strains showed them clustering with genotype F but forming a separate branch supported by 100 % bootstrap. Being most similar to genotype F, known to be an Amerindian genotype, genotype H has most likely split off from genotype F within the New World.
Introduction
Hepatitis B virus (HBV) is the prototype member of the family Hepadnaviridae. It has a compact, circular DNA genome of about 3n2 kb in length with four overlapping open reading frames (ORFs). The overlapping ORFs impose constraints on possible nucleotide substitutions and to variable substitution rates for different genomic regions (Yang et al., 1995) . The rate at which HBV sequences mutate is, however, uncertain ; one study in an HBV e antigen (HBeAg)-positive carrier suggests Author for correspondence : Lars Magnius.
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The sequences reported in this paper will appear in the DDBJ/EMBL/GenBank databases under the accession numbers substitution rates in the order of 10 −& per year per site (Okamoto et al., 1987a) .
HBV strains are classified into seven main genomic groups or genotypes, designated A-G, and arbitrarily defined by an intergroup divergence of more than 8 % based on complete genomes (Norder et al., 1992b ; Okamoto et al., 1988) . Genotype A is prevalent in Northern and Central Europe but is also common in North America and sub-Saharan Africa. Genotypes B and C are confined to Asia. Genotype D is widespread but is the predominant genotype in the Mediterranean region, while genotype E is found mainly in West Africa. Genotype F shows the highest divergence among the genotypes and is indigenous to aboriginal populations of the Americas (Norder et al., 1993) . The newly described genotype G has been found in the USA and France (Stuyver et al., 2000) . Furthermore, some genotypes have been split into subgroups Table 1 . HBV strains retrieved from GenBank used in this study Strains cited by Norder et al. (1996) and Arauz-Ruiz et al. (1997a) (Bowyer et al., 1997) . Recently, a novel genotype C variant has been found in Australian aborigines (Sugauchi et al., 2001 ). There has long since been evidence for another genetic variability of HBV by the existence of nine different serological types, called subtypes, of the HBV surface antigen (HBsAg) (Courouce! et al., 1976 ; Courouce! -Pauty et al., 1983) . The molecular basis for the expression of these subtypes has been established (Okamoto et al., 1987b ; Norder et al., 1992a) . HBV subtypes may belong to either one or several of the different genotypes and hence confer additional heterogeneity within the genotypes (Norder et al., 1992b) . We have reported previously the prevalence of genotype F among HBV-infected patients with Hispanic background in Central America (Arauz-Ruiz et al., 1997a) . Phylogenetic analysis of the HBsAg genes of different genotype F strains with varying geographical origin has revealed three different clades within this genotype, where two Nicaraguan strains formed the most divergent clade (Arauz-Ruiz et al., 1997a) . Since genotype F is the most divergent genotype, the two Nicaraguan strains might correspond to a distinct genotype at the level of the complete genome. Herein, we report on the complete genomic sequences and phylogenetic analyses of the two Nicaraguan and eight other HBV strains, two of which have shown a high divergence in the small S gene from their respective genotypes.
Methods
Source of HBV DNA. Serum samples from ten HBeAg-positive chronic HBsAg carriers were used as a source of HBV DNA. Strains 1853Nic, 1889Nic, 1980Nic, 2928Nic, 1116Sal, 70H and 7768H from chronic carriers in Central America have been characterized previously by sequencing the small S gene (Arauz-Ruiz et al., 1997b) . All were found to be subtype adw4, apart from 1980Nic, which was subtype ayw4, and all had been classified as genotype F, although strains 1853Nic and 2928Nic were divergent. HBV strain LAS2523 also encoded subtype adw4 and differed from the six main HBV genotypes, although it seemed to be more related to genotype F than to any other genotype. This strain derived from a chronic HBV carrier from Los Angeles, USA. Two strains, Z29 and 14\94, were classified as genotype D based on their S genes, although encoding subtype adw, and derived from carriers in Spain and Sweden, respectively. DNA extraction and amplification. Samples of 5 µl of serum were treated for 2 h with proteinase K in a final volume of 50 µl and heated at 95 mC for 15 min to denature the enzyme, as described previously (Norder et al., 1990) . DNA amplification was achieved from 5 µl of digested serum in a 45 µl reaction mixture. The complete HBV genome was amplified by PCR with primers P1, position 1821, and P2, position 1825 (Gu$ nther et al., 1995) , using the Expand Long Template PCR system (Roche). The product was used to generate two shorter fragments each covering half of the genome. One of the fragments was amplified with primers P1 and K2 (position 637) with a product size of 2056 bp. The other fragment was amplified using primers P2 and K1 (position 252) with a product size of 1591 bp. PCR was performed in a Thermal Controller PTC100 (MJ Research). The annealing temperature used was 60 mC for fragment P1\P2 and 58 mC for fragments P1\K2 and P2\K1. PCR products were separated by agarose gel electrophoresis followed by staining with ethidium bromide.
Sequencing. The products from two PCR mixtures, P1\K2 or P2\K1, were pooled and purified with the GFX PCR DNA and Gel Band Purification kit (Amersham Pharmacia). DNA quantification was done using GeneQuant (Pharmacia). Sequencing was performed by primer walking in both directions with 20 pmol of template and 4 pmol of each sequencing primer, as described previously (Norder et al., 1994 (Norder et al., , 1996 . Cycle sequencing was performed with a Thermal Controller, PTC100, using the Big Dye Terminator Cycle Sequencing kit, version 2.0 (PE Biosystems). Sequence electrophoresis was carried out with an automated DNA sequencer ABI 3100 (PE Biosystems).
Sequence analyses.
Overlapping fragments obtained were assembled using the  software in the  package. Each position was confirmed at least twice from different PCR fragments or sequencing runs. The complete genomes were compared with 75 human and 15 non-human primate HBV sequences retrieved from GenBank (Table 1) . The strains were distributed as follows : genotypes A, 8 ; B, 9 ; C, 25 ; D, 21 ; E, 3 ; F, 9 ; and G, 1. Alignment was achieved using  software (Thompson et al., 1994) and corrected manually by visual inspection. Phylogenetic distances were calculated by the  program in the  package, version 3.53c (Felsenstein, 1993) . Trees were generated with the  and neighbour-joining algorithms within the  program using the woolly monkey HBV genome as the outgroup. Bootstrapping of 500 replicates was done using  and consensus trees were generated by  in the  package. The obtained trees were visualized with the tree drawing software  (Page, 1996) . The  program, version 1.02 (Kumar et al., 1994) , was used to calculate nucleotide differences between the sequences.
Results

Complete genomes
The genomes of strains 1853Nic, 1889Nic, 2928Nic, 1116Sal, 70H, 7768H and LAS2523 were 3215 nt long, as for genotypes B, C and F, while that of strain 1980Nic comprised only 3161 nt due to deletions in the core gene and the preS region. Both HBV strains from samples Z29 and 14\94 had genomes comprising 3182 nt, similar to other genotype D strains.
To define the magnitudes of inter-and intragenotypic differences to delimit nucleotide divergences within genotypes, pairwise nucleotide comparisons were performed over the complete genomes of 82 HBV strains representing all genotypes ( Fig. 1) . The mean nucleotide divergences of inter-and intragenotypic comparisons along with corresponding comparisons for the small S genes are shown in Table 2 .
Differences between strains within the same genotype ranged from 0n06 to 7n4 %. The highest intragenotypic differences, ranging from 5n9 to 7n4 %, were found within genotype C, when comparing strains HBAustRC and HBAustSJ with the other genotype C strains. HBAustKW was most divergent within genotype D (5n0-7n1 %). For genotype F, the highest differences, 6n3-6n7 %, were between the Central American strains and strain Fou. Nucleotide differences between strains belonging to different genotypes ranged from 6n8 to 17n1 %, with the lowest differences, 6n8-8n7 % (mean 7n3 %), between genotype A strains and the genotype D strain PatD-ayw.
Strains 1853Nic, 2928Nic and LAS2523 diverged by 0n8-2n5 % from each other, 7n2-10n2 % (mean 8n1 %) from genotype F strains and 13n2-15n7 % from other human HBV genotypes. In the histogram for pairwise comparisons, the divergences of these three strains from genotype F strains were within the peak formed by intergenotypic comparisons (Fig. 1) . The differences between genotypes F and H were of the same magnitude as the differences between genotypes D and E (7n5-9n6 %). Therefore, the three strains mentioned were shown to belong to a different genotype, for which the designation genotype H is proposed. The highest intergenotypic differences were between sequences of strains belonging to genotypes F and H on the one hand and, on the other hand, the other genotypes (12n8-17n1 %) ; this demonstrates a higher level of divergence than other intergenotypic comparisons and explains the gap of 11-12 % divergence in the distribution of nucleotide differences following pairwise comparison (Fig. 1) . Differences between strains belonging to genotypes G and other human HBV strains were within the tail of this higher level of differences (12n7-13n8 %).
Phylogenetic analysis of the complete genomes of 85 HBV strains derived from humans and 15 strains from non-human primates showed that the genotype H strains were most related to genotype F strains, with which they formed a branch supported by 100 % bootstrap (Fig. 2) .
Four of the five strains sequenced herein, 1980Nic, 1116Sal, 70H and 7768H, formed a separate clade within genotype F, encompassing the majority of the Central American genotype F strains. These four strains diverged by 0n8-1n4 % from each other and 5n1-6n7 % from genotype F strains mainly from South America. 1889Nic belonged to the same clade as the South American genotype F strains and was closely related to a Brazilian strain.
Strains Z29 and 14\94 were within the cluster of genotype D strains and diverged by 3n1 % from each other. They showed nucleotide differences of 2n8-4n6 % from other genotype D strains and diverged by 7n1-14n0 % from strains belonging to other HBV genotypes. 
Characterization of different ORFs
The phylogenetic trees obtained after analyses of the individual ORFs and the small S gene showed that the genotype H strains clustered together in a separate branch with those of genotype F, supported by bootstrap values from 98 to 100 % (Fig. 3a-f) . Also, subgenomic comparisons demonstrated that the genotype F strains from Central America formed a separate cluster within this genotype, apart from strain 1889Nic. Strains Z29 and 14\94 grouped into genotype D (Fig. 3a-f) . Nucleotide divergences of different ORFs for the characterized HBV strains as compared to strains belonging to the same and other genotypes are given in Table 3 . The number of genotype-specific unique conserved amino acid substitutions for each coding region of genotypes A-H is shown in Table 4 .
The preS/S region
The preS region of genotype H strains showed the highest variability as compared to other genotypes. Three conserved amino acid residues, Ala), Ser)) and Pro*!, were unique for genotype H in this region. G1u"%* was shared with the genotype F strains from Central America.
The complete S genes of the four sequenced genotype F strains representing the main Central American cluster diverged by 0n4-1n5 % from each other, 2n9-4n8 % from other genotype F strains and 11n8-15n3 % from strains belonging to other genotypes. In the preS1 region, these four strains shared Asn&" with all genotype B and H strains, while other genotype F strains had a Ser in this position. In the preS2 region, these four Central American strains had two residues, Glu"%* and Leu"'', not found in other genotype F strains. The preS regions had the same length as those in other genotype F strains, apart from 1980Nic, which had a deletion of 12 nt (from position 412 to position 423) in the preS2 region.
The small S gene
Phylogenetic analysis of 60 small S gene sequences showed that the genotype H strains grouped together in a separate branch from genotype F supported by 100 % bootstrap (Fig.  3c) . The presence of Lys"##, Leu"#( and Lys"'! indicated that they encode subtype adw4. Two conserved amino acid residues, Val%% and Pro%&, within this region were unique. Ten conserved positions were shared only with strains within genotype F, while Ile&( was shared with strains belonging to genotypes B and E (Arauz- Ruiz et al., 1997b) .
Nucleotide divergence between the four sequenced genotype F strains representing the main Central American cluster ranged from 0n3 to 1n2 %. They differed by 0n7-3n0 % from the other genotype F strains and 5n5-9n2 % from the strains of other genotypes. All strains encoded adw4, apart from 1980Nic, which encoded ayw4. These strains diverged from other genotype F strains with two amino acid substitutions, Glu# instead of Asp# and Thr%& instead of Leu%& (Arauz-Ruiz et al., 1997b) . Leu"&) was the only residue unique to all genotype F strains and not present in genotype H.
Both Z29 and 14\94 encoded Lys"## and Lys"'!, characteristic for subtype adw. At position 127, which specifies the wtype-specific determinant, both strains had a Thr, present in HBV strains encoding the w3 specificity (Norder et al., 1992b) . Two irregular substitutions, Val"") and Val"#), were shared with another genotype D strain, pHB321.
The precore/core region
The complete C gene was 636 bp long for all strains sequenced herein, apart from 1980Nic, which had a deletion of 42 nt between positions 98 and 139. All three H strains had C")&). Ala"&( was found as a unique substitution for the three strains. The cytotoxic T lymphocyte epitope in the core region, residues 18-27, was conserved for all strains, apart from Z29, which had Ala#(. The four sequenced genotype F strains representing the main Central American cluster diverged from each other by 0n3-0n9%, 4n4-6n3 % from other genotype F strains and 7n4-13n3 % from strains within other genotypes. In the precore region, these strains had T")&), whereas other genotype F strains have C")&). They may therefore carry the precore stop mutation G1896 A. The genotype D strain, Z29, had two translational stop codons at positions 2 and 28 in the precore region.
The X gene
Genotype H strains shared three unique conserved substitutions, Trp$#, Ala'! and Pro"!#, in this region. Pro$% and Ser%% were unique to 1853Nic and 2928Nic. Pro*# was unique to 1853Nic, while the other H strains had a unique Thr in this position.
The four sequenced genotype F strains representing the main Central American cluster diverged at the nucleotide level by 0n6-1n3 % from one another, 3n2-5n8 % from the other genotype F strains and 8n3-15n8 % from the other HBV strains. These strains differed by three residues, Ser#*, Ser$" and Arg)(, from other genotype F strains.
The P gene
The P gene was 2532 nt long in the three genotype H strains and in four genotype F strains, encoding a putative protein of 844 aa, as for genotypes B, C and F in general. The P gene of 1980Nic comprised 2520 nt, while this gene of strains Z29 and 14\94 comprised 2499 nt due to the deletions in the core and preS regions.
The amino-terminal part of the polymerase gene, especially the spacer region, was rather variable compared with the carboxy-terminal part. The YMDD motif, from residues 203 to 206, in the reverse transcriptase (RT) region was conserved for all ten strains, as well as the GLY-priming motif, from residues 63 to 65, in the terminal protein (TP). Genotype H had 16 conserved unique substitutions within this region, three in TP, seven in the spacer and three each in RT and the RNase H regions (Fig. 4) . The positions immediately next to the catalytic site of the polymerase gene were conserved, apart from a Val#!( Leu change in genotypes F and H. Leu#!( is also present in two genotype C strains.
The four sequenced genotype F strains representing the main Central American cluster differed from the other genotype F strains in 22 positions (Fig. 4) .
Discussion
Previously, we have shown using phylogenetic analysis of the S gene that South and Central American HBV strains of genotype F formed three different clades (Arauz-Ruiz et al., 1997a) . Similar division of genotype F into four clusters, designated I-IV, has been described from Argentina, where the majority of Central American strains are classified as cluster I ; our clade formed by two strains from Nicaragua correspond to cluster III (Mbayed et al., 2001) . Since this clade diverged from the other clades to a degree that they might represent a new genotype, we sequenced and analysed the entire genomes of these two strains and a closely related strain from the USA. Pairwise comparison of their complete genomes with those of other HBV strains revealed that they diverged to the same degree from strains belonging to genotypes A-G as the degree obtained when comparing HBV strains belonging to different genotypes. The three strains could thus be classified into a new genotype. The association to genotype F strains was found in dendrograms based on complete genomes as well as on those based on the different ORFs. The clade formed by the genotype H strains split off from the same main branch as the two clades formed by the genotype F strains in the topology of all phylogenetic trees. The strains of the two genotypes thus shared an internal node, suggesting that genotype F and H strains are descendants of the same ancestral HBV strain.
The majority of differences between genotypes F and H were located by pairwise comparisons within the intergenotypic range (Fig. 1) . In contrast, comparisons involving two sequences classified as variants of genotype C with other strains of genotype C were within the range of intragenotypic comparisons. Based on analysis of the small S gene region, they had seemed to belong to a novel genotype distinct from genotype C (Sugauchi et al., 2001) . All genotype D strains described so far have encoded subtype ayw (ayw2, ayw3 or, rarely, ayw4). Strains encoding subtype adw have so far been found within genotypes A-C and F (Magnius & Norder, 1995) . However, two strains encoding subtype adw3, Z29 and 14\94, found to cluster with genotype D based on analysis of the small S gene had Thr"#(, which should define a w3 specificity (Norder et al., 1992a) . Analysis of the complete genomes of these strains confirmed their classification into genotype D. The presence of a new subtype in genotype D is not unexpected, since subtype heterogeneity has been reported for this genotype (Norder et al., 1993) . However, w3 specificity, as defined by the presence of Thr"#(, together with d specificity, has not been described before but only in strains encoding y specificity. Therefore, it cannot be excluded that w3 specificity may be dependent on the presence of Arg"## as well as Thr"#( : w1 specificity has been shown to depend on both Arg"## and Pro"#( (Norder et al., 1992a) . It is important to keep in mind that subtyping of HBsAg by molecular approaches may not agree with the hypothetical outcome from serological typing with the original antisera if all critical residues for their binding are not defined.
The presence of a double translational stop mutation in codons 2 and 28 of the precore region of Z29 indicates that this strain would not express HBeAg, although this was the case. HBeAg was also present in the serum sample from which a genotype G strain was derived and this strain also had these two precore stop codons (Stuyver et al., 2000) . These two substitutions seem to occur naturally in genotype G strains ; therefore, an alternative translation strategy seems to be responsible for the presence of HBeAg in the sera of patients infected with this genotype (Kato et al., 2001 ; Stuyver Fig. 4 . Amino acid substitutions conserved for genotypes within the primary structure of the P gene based on the comparison of the deduced amino acid sequences from 86 HBV genomes. Bold letters indicate unique substitutions conserved for all compared strains within the genotype. Italic letters indicate the majority substitution if the substitution varies within the genotype. Deletions are represented by dashes. The insertion of 12 residues in the core region of genotype G strains was not included. Alignment and numeration of each genomic region was performed with strain pHBV3200 as reference. The asterisk represents the Central American cluster of genotype F. et al., 2000) . However, it is possible that a heterogeneous virus population exists in these patients, with a predominance of this mutant type but with enough wild-type virus for HBeAg production.
Deletion mutants in the core region are often found in HBV strains from HBeAg-positive patients with chronic hepatitis and are claimed indicative of an ensuing seroconversion to anti-HBe (Gu$ nther et al., 1996 ; Okamoto et al., 1987c ; Preikschat et al., 1999b ; Tsubota et al., 1998 ; Wakita et al., 1991) . The Nicaraguan strain sequenced herein, 1980Nic, had a 42 nt in-frame deletion resulting in a 14 aa deletion in the amino-terminal region of the deduced core gene product. HBV strains are described, which have deletions of variable sizes in the centre of the core gene between residues 60 and 130, close to the major B cell epitope (Carman et al., 1989 ; Gu$ nther et al., 1996 ; Marinos et al., 1996 ; Wakita et al., 1991) . The largest of these may also affect the frame of the P gene (Gu$ nther et al., 1996) . The deletion in 1980Nic was located 25 residues upstream of the B cell epitope and will not affect the polymerase-reading frame. Core deletion mutants always coexist with wild-type HBV genomes, which may provide a helper function for these mutants (Gu$ nther et al., 1996 ; Marinos et al., 1996) . Recently, deletion core mutants have been described in genotype F strains from Venezuela (Nakano et al., 2001) , where a mixed virus population of wild-type and deletion mutants was reported. None of these deletions is similar to the one in 1980Nic. Depending on their ability to form stable proteins or to assemble into particles, these mutants could contribute to liver cell pathogenesis (Preikschat et al., 1999a) .
It has been shown that the genotypes of HBV differ with regard to their association with precore mutants, depending on the nucleotide substitution at position 1858 in the pregenomic encapsidation signal (Li et al., 1993 ; Rodriguez-Frias et al., 1995) . The precore stop mutation, G A at position 1896, occurs frequently in HBV genotypes with T")&), while this mutation is rare in genotypes with C")&), as with most genotype A strains. The genotype H strains had C")&), suggesting that the precore stop mutation might be rare in this genotype. C")&) is also prevalent in the South American genotype F strains, while most genotype F strains from Central America encoded T")&), some of which also carried the precore stop mutation (Arauz-Ruiz et al., 1997a) .
It is now evident that genotype F represents the original genotype of the aboriginal populations of the Americas and it has been found in high frequency in several countries in South America, from Argentina to Colombia (Blitz et al., 1998 ; Casey et al., 1996 ; Nakano et al., 2001 ; Naumann et al., 1993 ; Norder et al., 1993 ; Telenta et al., 1997) , and, more recently, in Central America (Arauz-Ruiz et al., 1997a) . All but one of the sequenced strains from Central America formed a separate clade within genotype F, distinct from the one formed mainly by the South American genotype F strains, in phylogenetic trees based on all genetic regions. This seems to reflect different geographical origins of the strains. There are scarce data on the distribution of HBV genotypes among aboriginal populations in North America, including Mexico, USA and Canada, although one genotype F strain has been reported from Alaska (Norder et al., 1993) . Genotype A is common in the USA and the genotypes found there mainly reflect the large immigrations from other geographical areas into this country in the past. Recently, however, Sanchez et al. (2002) reported the genotypes of 16 HBV strains from Mexico based on HBsAg sequences, seven of which clustered with the genotype H strains in the dendrogram. Thus, it seems that the distribution of genotype H is restricted so far to the Northern part of Latin America, including Central America and Mexico. The genotype H strain from Los Angeles, USA, might be an import from Mexico. However, genotype H may be more widely spread in among USA populations with Hispanic backgrounds, which constitutes 12 % of the USA population and is the highest percentage of Hispanics outside Latin America (Therrien & Ramirez, 2000) .
Since genotype H is most similar to genotype F, known to be an Amerindian genotype, genotype H has probably split off from genotype F within the New World by early division of the progenitor HBV strains of the first settlers, who arrived to North America around 15 000 years ago (Neel et al., 1994) . Analysis of HBV strains from East Asia from where the first Amerindians came may help to clarify the origins and phylogenetic history of genotypes F and H. Since both genotypes F and H are highly divergent from Old World HBV genomes, including those of non-human primates, the branch with genotypes F and H has most likely split off a long time ago from other HBV strains and has a degree of divergence compatible with a cross-species transfer in the past. 
